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THE ROLE OF ROUGHNESS TN BUBBER FRICTION
AND THE LAW OF FRICTION

USSR

[Fellowing is the iransiat&an of an arﬁicﬁa entitled
') role sherckhovatosti pri trenii reziny i o szakone
Lreniya® (English version abeve) by 5. B. Ratner in
Dolclady Skademid Nauk SSSR (Heports of the Academy of
Scienc:§ U5SR), Vol XCILI, Wo 1, Moscow, 1953, pages
b7-50.

(Submitted to Academician P. A. Rébinder, 22 Augnst 1953)

In scoordance with the theary of B.V. Deryagin (1),
the force of fzictian ﬁependa on normal load N as per
formula

P P S w

where fq is a constant (true) coefficlent of fric-
tion corresponding to the medlan value of the anpgle of
micro-slevation, whicﬂ "depends on the molecular»atamic
cmarsenwaa of surface" (page 167); N, ~ "the resultant of
forces of molecular attractlon betwsen both bodies”
(paﬁe 1??}, proportional to area of true contact of bodies
in friatioa. ‘ _

- Quantity N mist be sdded to the external load N
“in ardar to take into account the whole of the normal
foree asctive on the surfaces of true contact, where the
miO?O*GO@Fu@nQSE of bodlez in friction ls of consequence.

' Deryagin's molecular theory correctly describes
tha role of those forces which come into being on the sur-
faces of true econtect. Bubt it does not take into consider=

ation the role of the direct mechanical traction connected

with rough (common) coarseness. However, such mlcro-
ﬂcarsmneas is bound to lezd to the additienal camponent




of the frictlion force

F'Z ks ?‘LQN, (?—-)

whers 7 is thefrlctlon coefflclent corresponding to the
median angle of macro-elevatlon, which 1s connected with
_the rough ceoarseness (2). This_alteration of the aren
of true contact, called forth /brought about/ by chansed
macro=-goarseness, will have a manlfest besring on the
varistion of guantity Ny {(which may depend on K as well).
Thus, the full force ¢f frictlon

P Py + Mo+ fng (3)
where# Poo= Ry + By, (5
| Fo = Mg (&)

Let us sees to what extent thils agrees with the
experimental findings, the presence of two members in
the law of frietion (4) belnz beyond argument in all of
the cases (3-7) and only the guestlon of their connect-
ing interrelatlonshilp t¢ be considered. The following
formula may be employed 1in thls,

o F
o= oo+ 55 (72

% 1T we conslder the effect of macro-coarseness not only
on the area of contact {1l.e. on Ng, see above) hut also
on micro-cosrseness (i.6. on M) == at the expense of
the wedging action and the nscessity of mutual interac-

) tion of contiguous macroprojectlons, then instead of
4., we may put ,Mff: M, 14y in our formulae., Then F = My

[+, )n48,] becausd Mw= (i=fp). This result, obtalined

by us Fointly with B.V. Derysagin durlog dlscusslon of this

article, will not alter subseguent concluslons which have

a gualitative character,
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which is the result of substitution (4) in the formula -
that serves for the determinatlon of the computational
cosfficlent of frictlon

w
I’J e 7y
it W
n order to prove dlirectly and guantitatively the
velldlty of formula (7} presented by us earlier (3} in
the {orm
F= lioh+ Hylig, (9)

it iz necessary 1o measure J e a0 My, end to show that

Moo oo bhq. Definitlon of 1. GooB not present any 41fT0-
culties, bacause it can be Alscovered as a characterlstlce
of the stralght line in the processing of gxperinental
ants elther in the coordlnates F - N, por formula {(4) or
in coordinstes M = LX , sceording to formula (7).

As a second characteristic of the gtraleght line,

guantity Fo can alsc be determined. However, knowing

¥ge One can arrive at 1 by formulsa (7) only 1T adhesion
force Mo is directly measured vrnder exactly the sane con-
ditiens unfer whick F, was determined. Thla measurenant,
which can be conducted by employlng the method ol cross-
Cing linen, presents gpecific difflculiles (&)Y, Therefore
wa shall turn to guelitatlive testing of vallidity of for-
malae {3) and (9}, -

Ty accordsuse with the presented concepte, inereased
conrzenees of metel must have & aual effect upon the frice
tion coefficient. On one hand, ﬁigiﬁ supposed Lo lucrease,
the other « at the expense of diminishing contact - Ny
N

O,
mat dininish.

mnla effect is essential malnly for goTt rubbers,
esrecially azt small loasds (7y; see fermula (7). Therefors,
when coarzeness of steel 1is inepreased, we cbserve {ame
Paple 1) atb epecific unit load P = C.1 kgmfcm? g dimimutlon
of , M at the expense af decrease of Ny, and, at P = 10 kem
/cmﬁ, sr ineresnse in M at the exhense of increased mecha=-
nical trection {(i.e. Mo Y. which beocones eppesislly appa~
vent when the havdness of rubber $a increassed., Jerialn
combinations of hardness of rubheyr and coarsenssg of steel
permlt an observation of tendensy towsrds growth on the
nayrt of the fristion coeffilclient when load ls incressed




(see Table 1), An asnalogous plcture appears also when
the coargeness of brass and aluminum ig incressed.

" further, if Tormula (1) were appllcable in the
cepacity of law of ferlcotlon, i.z. AT 4t could endure the
whole of the force of friction {and not its park), then

#2%6&%%%5%4, and conseguently, thers must be a strict
proportionality between F, and M in accordance with
formulae (5) and (6). Thgs ecan be expected in instances
where macro-coarsensss 1s very small - frlictlon with
lubriecstion {stearic acid or olelnic zeid) of paraffin
grainst mlass (), the friction of swooth criss~crosslug
threads of proceszed quarts -~ uncoated as well as covered
by & thin coat of cacutchouc (4},

Suech phenoumenon should not be observable at "dry"
friction of rubber, when Ma cannct be neglected in con-
parison with ¢ . In instances of frictiocn belween
1denticsl samples of rubber containing merely different
guantities of varlous fillers, the particles of which
pecome coated with a film of cacubchoune, quantity
remained practically constant (7) because ﬁjww(ﬁzﬁf .
henaune macro-coarseness is identlcal and microrvelisf
chances insignificantly, within the limits of compabl-
bility of caocutchous with the filler (soot, graphite,
chalk, bloxide of silicon).

4 chanse of Heocan be achleved at the effect ol a
chance 1n surface of metal {a shift to & different varidge
ty or sample) or by intreductlon of such & larxe ancund
of ©iller thaet it will slready overstep the limlte of
compatinhility with ceoutchouc and serve as a layer Tigpes
twesn the pair in frietlon. Both of these methods,
which must lead to change in éﬁap, were actually ob-
served (7).

then Mg changes due to changed ;Mz » l.e. switch
of metsl surfacs (see also Table 1) or even when a
swlteh to plexislass was made, & practlcal constancy of
F, for rubber with a given amount of filler was OTy=
served, which speaks of the dowlnant role of rubber (as
the safter commonent of the working pair) in the crea-
tion of microreliel of the friction surface.

Hee can slso be altered at the expense of change
of K¢ , t.e. of the molecular rellefl, which can be
pealized when switehing from ons caoutchouc Lo another
or from one metal to another (3,7).

Let us, at last, consider the role of tenpera-
ture. According to the above, variatlons in the tempsra~
ture of rubber are not supposed to efTect macro-goarse-




Lable 1

Coefficient of Static Prictlion of Rubber on Base
o

SEN=26 Azainst Metals With Different Degres of
Hechanleal Finish of Surface

{0 &
G 0w o3
P Rl s Steal Brass Aluminum
Om b et 5 el
& = oo 73 ued
+2 £ 1
S:? fony w0 O
£ 8 i) w63
] [ ] G ot
o] G ey e
e QU B e £a 2 Rwiet
FREEEIE L |
ae e 8al @ Slvevli ool «w love| ov |99, TH
h 52 0,1 0,95 10,81 10,80 11,92 1 1.18 10,951 0.99
1,0 10.83 10.78 0.68 [0.92 1 0.88 10,781 0.5
10,6 1043 (0,48 10,54 10,5 049 1049 1 0,52
45 7L G.1 10,74 10,61 10.68 [0.97 1 0,95 10,601 0,82
100 006'{'4‘ 0061 0@{3{} ﬁe?h’ 0068’ 0@557 (3568
) 10,0 {0,473 10,50 §0.67 041 | 083 057 | (.67
120 of 0,1 (048 j0,61 10,42 0.33 1 0.72 [0.57 1606
1.0 10,25 10,37 10,33 {10.27 1 0.38 10,32 % (.58
10.0 §0.27 1040 10,52 10,26 | 0.51 §0.33%3 1 0.74

negs Moar s but 1s of consegquence for microvellefl M '
and possibly also for N,, when 1t comes to frictlon of
rubber, the physleco-mechanical guallties of which depend
on temperature to a grealt extent. Insomuch as the heat-
movenrent weakens the actlion of intermolecular forces de-
termining the guantiity Fg. we must expect that, whepn the
tewperature is hizgher, Fe will be signilicantly smaller
without an equally congeguential descrease of fiamm The
experiment {3) conflrms this {see Table 2).

Aocepting the following relatlonship, which flows
from relaxstionsl concephts about rubber (8)

Fo = AcU/RT (10)

we obtain Trom Table 2 that Ue: 5 kilosal/mole; this
corrasvonds to the usual values of the energy barrier of



van~der-iasls' foreces.
Teble 2

Effects of Tempersture on the Jonstants
of Formila {&) in the Jase of Statllie
Prlction of Rubber on Base SEBH (Hards-
ness According to Shor - 90) Against
gteel (a) and on Alloy Contalning Alu-
minum {(b)

t -~
Fe in kglom*

&
T@mpaf%ﬁuva HMen
.e.!, 4
in s b . .

20 0.36 0.5 1€ 17
50 0,30 - 10 -
B0 0.2k 0.3 3 3

o Bueh depsndence contimaes only uvntll further
clindh 1o higher temperaturss leads jo & slgnificant
softening of rubber, as & result of which the ares of
true contact galns sharply, and the computational co-
efficient of frictilon M increaseg., Thus, in frictlon
of rubber on steel at P = 1 kenfon®, M = 0.25 at 809
“{Table 2}, M o= 0,2% at 959, and M = 0.5 at 1100, i.e.,
the curve rung through the minimum.

The mathor notes with gratitude the partlclpa-
tion of B.V. Deryagin in the discussion of the resultis,
and that of R.X. Gol'neva and G.P. Konenkova in conduct-
ing the experinents.

Reagelved
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